therosclerosis of the carotid artery is the primary cause of stroke, and cerebral infarction is the major cause of death. Infarction occurs secondary to plaque ulceration, thrombosis, and intraplaque hemorrhage. [1] [2] [3] The stability of atheroma has been investigated by angiography, ultrasound, and magnetic resonance angiography (MRA) and of these, angiography is the standard imaging technique for diagnosing arterial stenosis. However, not only the extent of stenosis but also the features of the atheroma are important in determining the risk of clinical events. Some atheromatous plaques are stable, whereas others are fragile. Because emboli from atheroma are involved in the pathogenesis of transient ischemic attacks, changes in the components of atheroma are also important. The gold standard for determining these features of atheroma is still histological examination.
ing was not used. Axial 2D-TOF images were obtained from the origin of the carotid arteries to 5 cm above the carotid bifurcation. We regarded a low signal intensity area inside the arterial wall on 2D-TOF as atheroma and examined the features of those that agreed with the findings on ultrasonography or SE images. We defined a low signal intensity area in the center of the vessel lumen as turbulent flow. The signal intensity of atheroma on SE images was classified as follows: high intensity (equal to subcutaneous tissue), slightly high intensity (between high and isointense), isointense (equal to muscle), and low intensity (lower than muscle). Five observers read the MRI before ultrasonography. Assessment of the atheroma was decided by majority. All observers agreed as to detecting atheroma on 2D-TOF. We disagreed on grading the signal intensity of atheroma in a few cases, but we agreed on the definition of 'high' signal intensity.
Ultrasonography
Carotid ultrasonography was done within 3 weeks of MRI. B-mode and color Doppler images were obtained with an SSD-2000 (Aloka Co) and a 7.5-MHz probe. The longand short-axis images were used to measure the thickness of the intima -media complex by 0.1 mm; thickness greater than 1.1 mm were regarded as atheroma. 10 
Results

2D-TOF Images
Axial images of both the common carotid, internal carotid, external carotid, and vertebral arteries were obtained and the reconstructed 3-dimensional (D) images were clear in all 37 cases. Fig 1 shows the carotid arteries of a 73-yearold man with hyperlipidemia but without atheroma.
Atheroma was detected in 23 (65%) of the 37 patients in the right common carotid (n=11), right internal carotid (n=9), left common carotid (n=12), left internal carotid (n=16), and left external carotid (n=1). The most common site for atheroma was the carotid bifurcation, particularly from the posterior wall of the common carotid to the internal carotid ( Table 2) . Fig 2A is a reconstructed 2D -TOF image from a 42-year-old man with no other risk factors than smoking 40 cigarettes per day. Large atheroma were found at both carotid bifurcations. The right internal carotid was distended near the bifurcation and showed a slightly low signal intensity on the frontal image. No intense projection was found at the origin of left internal carotid on the left anterior oblique image (30°). On axial images obtained at the level of the bifurcation (Fig 2B) , large atheroma with a low signal intensity were detected in the right and left internal carotid. Local dilation was seen at the site of large atheroma on 2D-TOF images, suggesting vascular remodeling, and this change was found in all subjects with atheroma. However, turbulent flow around the bifurcation interfered with the quality of the images. 
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before and after injection of contrast medium. After injection of contrast, the low intensity area was imaged in the same way as in conventional 2D-TOF images, confirming that it was not an artifact, but atheroma. No atheroma was detected in 13 subjects. Other findings on MRI included obstruction of the left vertebral artery and the left subclavian artery in one subject each. MRA images were compared with the ultrasound findings in 34 subjects. The site of atheroma detected by 2D-TOF imaging agreed with the site on ultrasound in 23 of 24 subjects with low-intensity areas on MRI. MRI agreed with the ultrasonography findings in a total of 33 subjects, including 10 without atheroma. When compared with ultrasonography, 2D-TOF images showed 97% agreement (Table 3) . Fig 4 shows a 72-year-old man with hyperlipidemia, hypertension, and diabetes. There were low signal intensity areas in the left carotid bifurcation and obstruction of the right common carotid (Fig 4A) . Digital subtraction angiography (DSA) also showed the same findings (Fig4B), and atheroma was detected at the same site by ultrasonography (Fig 4C) .
Spin-Echo Images
It is possible to identify different components based on variations of the signal intensity on T1-weighted SE (T1-SE), T2-weighted SE (T2-SE) and proton density SE (PD-SE) images. [7] [8] [9] Lipid components show a very high signal intensity on T1-SE images, a low signal intensity on T2-SE images, and a high signal intensity in PD-SE images. Thus, a high signal intensity on T1-SE images is characteristic of lipid, whereas a high signal intensity on T2-SE images is characteristic of fibrous tissue. SE images were obtained in 21 subjects with atheroma and 2 subjects with carotid wall thickening. T1-SE images showed a high signal intensity characteristic of lipid components in 12 of 19 subjects with HL (63%), 0 of 4 subjects without HL (0%) and 10 of 17 subjects with HT (59%), who also all had HL. And 2 of 6 subjects without HT (33%), 6 of 11 subjects with DM (55%), and 6 of 12 subjects without DM (50%) showed a high signal intensity on T1-SE. Thus, a high signal intensity on T1-SE images was common in subjects with HL and/or HT, suggesting that accumulation of lipids in atheroma was related to HL and HT, particularly HL. In contrast, a high signal intensity on T2-SE (characteristic of fibrous tissue) showed no relationship to these cardiovascular risk factors. Fig 5 shows a T1 -SE image from a 65-year-old man with HL and DM, which has a high signal intensity area that was low signal intensity on T2-SE images, findings that are compatible with a lipid component of atheroma. Fig 6 is a T2-SE image from a 72-year-old man with all 3 risk factors, showing the right common carotid obstructed by a high signal intensity lesion. The obstruction had a lower signal on T1-SE and PD-SE images, suggesting that the atheroma had a fibrous component. 
Discussion
In the present study, clear axial images of the bilateral common carotid, internal carotid, external carotid, and vertebral arteries, as well as reconstructed 3D images, were obtained in all subjects. The pulse sequences used were decided on the basis of previous reports. 7, 8 Image quality was sometimes reduced by turbulent flow.
For evaluation of the severity of stenosis, the accuracy of gadolinium DTPA-enhanced MRI is reported to be as high as that of DSA. 10 The present study showed that 2D-TOF imaging without contrast is also useful for the detection of atheroma. Almost all of the atheroma were detected around the carotid bifurcation and near the origin of the internal carotid rather than in the external carotid, which may be because of the kink at the origin of the internal carotid. Lowsignal-intensity artifacts were mainly found near the internal carotid origin, probably because the direction of flow at this site is perpendicular to the detector, so the signal is weaker, and because the kink in the artery causes turbulent flow. Turbulent flow can promote thrombus formation. In this study, comparing the right and left carotid arteries on axial images allowed us to estimate the extent of vascular remodeling. Yasui et al first reported that remodeling of the carotid arteries was one of the causes of disagreement between DSA and ultrasound findings. 11 MRI can show the right and the left common carotid arteries simultaneously and thus is useful for estimation of remodeling. There have been some reports about the relationship between vascular remodeling and ultrasound findings, and about the relation between remodeling and the type of artery. [11] [12] [13] [14] [15] However, studies of the relationship between remodeling and MRI findings have not been performed. When deciding whether a low signal intensity area was caused by atheroma or an artifact, the most important point is whether or not the low signal intensity area is inside the arterial wall. On this basis, we defined a low signal intensity area in the center of the vessel lumen as turbulent flow. Another important point is whether vascular remodeling is present or not.
Angiography is the gold standard imaging technique for diagnosing arterial stenosis, but it has been reported that the detection of carotid stenosis on 3D-TOF images agrees with that seen on DSA, 4 and that MRA and ultrasound can be used to decide the indications for endarterectomy. 5 We regarded the findings on 2D-TOF that agreed with those on ultrasound as atheroma, and obtained similar SE images. Compared with MRI, ultrasound is convenient, but its field of examination is limited to around the bifurcation. In the present study, we could observe a large area from the origin of the carotid arteries to 5 cm above the bifurcation using MRI. Also, ultrasound will not show obstructed vertebral or subclavian arteries, unlike MRI. Furthermore, ultrasound only shows lesions as echolucent or bright, but MRI allows more subtle gradations of signal intensity so that the components of atheroma can be predicted. Not only the extent of stenosis, but also the features of the atheroma are important in determining the risk of clinical events. In this regard, 2D-TOF is useful for evaluating stenosis of the carotid arteries and SE images are useful for detecting the features of the atheroma.
We found that T1-SE, T2-SE, and PD-SE images were all useful for characterization of atheroma. Atheroma in the aorta has been detected by SE images in animal studies, [16] [17] [18] [19] and atheroma in human arteries has also been characterized in vitro. [20] [21] [22] [23] [24] Yuan et al reported that they measured carotid atheroma in vivo using MRI, 25 and Toussaint et al reported that MRI findings of the carotid artery agreed with the histology after endarterectomy. 8 In their study, the spatial resolution was 0.39 mm and they could detect the components of atheroma.
In the present study, we obtained equivalent resolution to Toussaint et al. We divided the signal intensity into 4 grades (high, slightly high, isointense, and low). There have been reports [7] [8] [9] on the signal intensity of atheroma components (ie, lipid, fibrin and calcification) in which MR images were compared with histology. In the present study we could detect different components based on the signal intensity in T1-SE, T2-SE, and PD-SE images. Lipid shows a high signal intensity in T1-SE and PD-SE images, and with these images such a signal does not occur other atheroma components, so it is characteristic of lipid. Similarly, a higher signal than lipid on T2-SE is indicative of fibrous tissue, whereas a low signal on T1-SE and PD-SE images indicates calcification. We found a relationship between the signal intensity of atheroma and risk factors. Atheroma showing a high signal on T1-SE were common in subjects with HL and HT, and all subjects with DM or HT who showed such a signal also had HL, which suggests that lipid-rich atheroma is related to HL and HT, particularly HL. In contrast, a relationship between fibrous tissue in atheroma and these risk factors was not found. We also need to investigate calcification and bleeding in atheroma, but computed tomography may be more suitable to detect calcification than MRI. A study of the relationship between the features of atheroma on SE images and the occurrence of cerebral infarction may also be worthwhile.
